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.VBSTRACT 

Four new fossil tegulines (Gastropoda: Trociudae) ar(‘ de- 
sciihed from southern Pmai [CliJorostoma new species 

date Miocene to late Pliocene), hitisfoma pirifua new genus, 
new species (eiu'ly Pliocene), Cantallocostoma paidsiifsium new^ 
genus, new species (late Miocene to earh- Pliocene), 7Vgn/^/ 
(s.l.) masiasi new species (earl\- to middle Miocene)], as are 
Pliocene and Pleistocene occurrences of the extant Chloro- 
stoma atnim (Lesson, 1830), C. Inrtiiosum (dOrhigm, 1841), 
Cantallocostoma cpiacJncostatmu {MMod, 1828), A*^aihisto)}ia 
patagonicnm (d’Orhigny, 1835), T. (s.l.) mclalnicos (jonas, 
1844F and T. (s.l.) indcntata (Potiez and Michaud, 1S3S). 
These data show tliat the Permian clilorostoinine group is too 
ancient to be a Pliocem' sister group to Garibhcan-iVtlantic 
agathistomines; indicate additional eastern Pacilic groups oi 
tegulines exist with roots reaching into tlie Miocene; and lur- 
tlier demonstrate the success of A. patagonicnm as a wide- 
spread and long-li\ ed teguline in austral waters. A small radia- 
tion of Permian chlorostomines during the late Pliocene coin- 
cided witli a molluscan mass extinction e\ent in the Permian 
Faunal Pro\ince. 

AfJcJitional Kci/words: Mollusk, Tcgula. Cfdorostonuc Agafhi- 
stoma, Miocene, Pliocene, Genozoic, Pisco Basin, Taxonomy 


IXTRODUCTIOX 

Se\en extant teguhne species (Gastropoda: Tnjchidae) 
inhabit the cool coastal waters of the Permian Faunal 
Proxinee. Tliev are, according to their traditional nouKm- 
clatnre, Tegiila atra (Lesson, 1830), T. luctuosa 
id'Orbigiiw 1841), T. cunjomphala (Jonas, 1844), T. ig- 
iioto Ramirez-BOhme, 1976, T. tridcniala (Potiez 
and Michaud. 1838), T. cpiadiicostata (\\7)od, 1828), 
and T. patagonica (d’Orbignv, 1835) (Alamo and 
X'aldiMeso. 1997: \eliz and \7isqiiez, 2000). An eighth 
species. Tegida inclalcucos (Jonas, 1844), a species from 
wanner waters of northern Peru, does appear rLirely at 
soutlieni Peruvian latitudes. This teguline fauna is as 
chverse as that of the warmwvater Pananiic Faunal Prov- 
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ince (Keen, 1971; Alamo and Valdixieso, 1997), although 
will) mosll)^ dillerent species, and is more s|x^ciose tlian 
the tegnliiK^ fauna ol the Magellanic I'aunal Ihanince 
(four species), wRich is a subset of tin' lAnuxian fauna 
(Forcelli, 2000), 

The geological record of tegulines from the Permian 
Faunal Province is meager. Tcgida luctuosa, T. atra, and 
T. tridcntaia aix^ listed in lierm's (1969) stndv of 
Pliocoie and Pleistocene mollusks from Chile. Tcgida 
luctuosa and T. mclalcucos were rep(^i4t‘d from upper 
Pliocene and Pleistocene beds of nortlKum Pern 
(De\hies, 1986). Four nt*w species of tegulines, consid- 
ered to liavx^ cxniy to middle Miocene age (l)t Abies and 
Fmssinetti, 2003; Finger et ah, 2007), liaxe be(‘n de- 
sciibed from the Xavidad Formation of cuntial Chile bv^ 
Xielsen et al. (2004). 

This paper documents four nevx^ lossil species and sev- 
eral previously known Recent species of tegulines in 
Neogene deposits (d southern Peru, inehiding tlie oldest 
known tegulim^ from Peru, tlie earl)' Miocune Tcgida 
(s.l.) luasiasi now species; creates two new geiu'ra of 
ttygulines, Cauiallocostoma, new genus, and Intistoina, 
now genus, taich with a new'lv desciibed iXeogeiie lossil 
species in the Permian Faunal Province, Cantallocos- 
toiua j)anist(fsum new species and Intisioma pirqua new 
species, and each having a modem representative in the 
eastern Pacific Ocean, tlie Pemvian C. (piadricosiotum 
and Californian /. aurcotinctuui (Forbes, 1852); adopts a 
full geneiic status for Tcgida (Chlorostoina); and pro- 
vides evidenc'c lor a late Miocene origin of a western 
Soutli American grtju]) of Clilorostoma specievs. 


GKOIXJCY 

The late Ceno/oic maiine stratigraphy ol southern Pe- 
nivian foioarc basins has been desciilx'd l yv Dunbar et al. 
(1990) and DeWies (1998). Teguline-beaiing deposits 
crop out west of Xa/C‘a and throughout tlie Sacaco Basin 
(Fig. 1). These bioelastic conglomerates and .sandstones, 
which were assigiaal to the La Planchada and Pisco for- 
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basins in sontliern Pern, New fossil species ol Tcgn/a are from 
Onozoic deposits west and south of Nazca. 

Illations by Beandet et ah, 1976, and Mnizon and 
De\4ies, 19S5, respecthely, represent liigli-ei!erg\’ fore- 
sliore and intertidal t‘n\ironinents King close to iinmn- 
tainons paleo-shorelines and (jnieter ioresliore and inner 
sl](41 environments I)ing Iniiidreds to thousands of 
meters Irom paleo-shorelines delined the l>eginning 
of the Andean footliills. 

MATEUIAES AND METHODS 

Most lAnaivian spi^eimens described in this stmK' were 
found bv the author. Coinparath^e mattnaal was studied 
at the Natural Histon' Miiscaim ol Eos Angehvs (a)inih\ 
Los Angcdes, Caliiornia, USA (LACMh l^ocalit\ and 
sample desciiptions luc list(*d in tht' a[)pendi\. Lmigths 
(14 and widths (WO are measured in millimeters, with 
dimensions of brokmi spc'ciuKms enclosed b\’ parmithe- 
ses. A non-standard orientation for photograj)hs of ,somt‘ 
specimens has been necessan' to iiweal important eliar- 
acters. Some figured specimens w'ere coated with ammo- 
ninrn cliloride. l^xpes and numbered specimens, includ- 
ing tliose figured, are dcj^iosited at the ( )rton Ceological 
Mnseiim, f)liio State Uni\ersit\\ Columbus, Ohio USA 
(OSU); the Departamcaito (le Paleontologfa de \7utebra- 
dos, Museo de Histoiia Natnrah Unixxusidad National 
Mavor de San Marcos, Lima, Pmii (MUSM IN\0; and 
tlu' Burk(‘ Mnsemn of xNatnral Histon and Culture, Uni- 
vcMsit)' ol Waishingtom Sdittkv Washington (UW BM). 
Tli(^ prefixes 4)\"‘' ixTm’s to De\ii(\s localities, ')-\l to 
localities ol f. Machai'c dnstitnto ( a'oibgict) Minero \' 
Metalurgico, Lima, Peru), and 'A\d/' to localities ol \\'. 
|. Zinsmeister (liirtliie Unix’cisitv, Indiana, USA). 

SVSTICM ATICS 

SnperfamiK lioclioiddi Pal inesijne, ISI.7 
I'imnlv Troc'lncku' Ualim'sijne, ISI5 


Subfamilv Tegulinae Kuroda, Habe and Oyama, 1971 
Genus 7Vg///<7 Lesson, 1835 

Type Species: Trochus cirgans Lesson, 1835 (by 

monoLpy) (= Trochus pcilisserpeufis Wood, 1828). Re- 
cent, IAk iiic coast of Central America. 

Remarks: ResoKing tlie difficult snbfamilial place- 

ment of Tegulinae within Trochoidixi (Hickman and 
McLean, 1990; Bonchet and Rocroi, 2005) is lieyond the 
scope oi tins paper. Tcgula itsell has lieen assigned to 
three dillenmt subfamilies over tlie past centiny, but 
most taxonomists now^ refer it to tlu' undiagnosed Teg- 
ulinae Kuroda, Habe, and 0\inna, 1971 (Hickman and 
McLean, 1990). OnK one extant tegnline species, Tcgula 
pcllisscrpoitis (Wood, 1828), pertains to Tcgula (s.s.) 
(Keen, 1971). Its combination ol features (densely 
packed and hea\iK' beaded spiral cords, tightly h\isted 
colurntdla, and nunuu’ous teeth extending from the col- 
umella across tlu' apertiiral floor) is not seen in other 
species assigiuxl to 'reguhr so l\ pcilisserpeniis is herein 
consickax'd to be the monot\pie re|)resentathe o{ Tcgula 
(s.s.), an opinion shai'ed b\ ). 11. McLean (pers. comm., 
2006). Taxa often considered as subgenera of Tcgula. 
e.g., Chlorosfonia and Agathisfojua. me elevated to ge- 
neric status in this j:>aper iu accord with the practice of 
some antliors (e.g., Aniold, 1907; Higo et ah, 1999) and 
the opinion of |. 11. McLean (pers. comm., 2006), 

Genus Chlorostouia Swxiinson, 1840 

Type Species: Trochus argip'osfonuis Gmelin, 1791 

(In^ snbs(x|uent designation, Hernnannsen, 1846). Re- 
cent, japan. 

Remarks: Sw’ainson (1840) erected Chlorostoiua as a 

subgenus ol Trochus Linnaeus, 1758, to include species 
with a “remarkabK' ol4i(|ue” aperture, a yen dee]:) um- 
bilicus, and one or h\o teetli on the outer (= lowxa* part 
ol imi(‘r?) lip. He assigncxl two specie's to Chlorosfoma: 
Trochus {Chloroslouia) argip-ostonia (= Tcgula argijros- 
fonia ol authors) and Tnu'luis (Chlorosfo)ua) umbilicaris 
[= Gihbuhi uuil)ibcaris (Linnaeus, 1758)]. I le'rrmaimsen 
(1846) iniplicitK limited the definition oi Chlorosfoma hy 
choosing T. argyrosfou}a as the t\pt' s|)ecies. Examina- 
tion of LACM material from the wx^stern Nortli Pacific 
Ocean [C. argijrosioma . C. Uschkei (Tappanme-Canefri, 
1874), C. riisticum (Gmelin, 1791), C. turbluafum (A. 
Adams, 1853), C. xaiithostigma (A. Adams, 1853)] show^s 
that adult chlorostomine umbilici can be eithei' open or 
closed. In the \ iew' ol Chant and (4alc‘ (1931), (Uiloros- 
toma shoidd be Inrtlu'r restricted to toothed sj)ccies hav- 
ing vxmtricosc' whorls, a nacreous inte'rior, and a dark 
purplish (Wterior. This diagnosis makes j^ossil)le the iden- 
tilit ation ol Recent chlorostomine taxa Irom both sides ol 
the xN{>rth Pacific Occxni and in tlie eastern Soiitli Pacific 
Oeixin. 

Chlorosloma afrum (Lesson, 1830) 

(Figures 2-4, 7 9, 13) 

rrochus (ilrr I.essoii, hS.30, \ol. 2, pi. I, p. o i l, Mollns< |iu'S, pi, 
Hi, lig. 2; d’()d)igm, IS 10. 100: l*hilip|)i, 1S4 I, Ahhildnn- 
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Figures 2—4, 7-0, 13. CJilorostoma atnim (Lesson, 1S30). 2. 97S63, J 372-1, Recent, ol^lique spire \ ie\v. wdcltli = 9.S 

mm. 3. 97S55. D\ 39S-1, Recent, basal \ie\v, width = 30.7 mm. 4. U\\ BM 97S63, oblique basal view 7. MLSM 1\\’ 126, 

D\' 1252-1. earlv Pleistocene, uliliqiie spire \iew\ width - 27.1 mm. S. LWBM 97S55, apeitural \ i(‘w 9. LW’B.M 97S60, I^iracas 
Hotel. Recent, lateral view, length - 22.2 min. 13. LA\ BM 97S60, olilique basal \iew , width = 23,4 mm. Figures 5, 6. Chlorosfonui 
fnnebrahs (A. Adams, 1S55). IA\'BM 97S62, south ol La |olla. Calilomia, laHiait, width - 13.4 mm. 5. Oblique .spire \iew. 6. Oblique 
basal Mew. Figures 10-12, 14-19. CJilorostoma hictuosnm (d’Orbigm, 1S41). 10. LA\ B.M 97S64, Paracas Hotel. Recent, lateral 
Mew. leiigdi = 20.2 nun. 1 1. lA\4iM 97S65, Paracas Hotel, Recent, apertiiral \iew, lengtli = 20.5 mm. 12. lAMLM 97366, Ilueco 
La Zorra, Pern, Recent, apertural Mew , length - 21.6 nun. 14. U\\ BM 97S64, ob!i(|ue l)asal view, width = 23.7 nun. 15. HW’B.M 
97S65. basal \iew, width = 24.4 mm. Figure 16. LA\ BM 97S66, oblique spire \iew, width = 28,5 mm. 17. I W’B.M 97S67, Lomas. 
Peru. Recent, oblique spire \iew, width = 26.4 nun. 18. IA\ B.M 97S67, oblique basal view'. 19. UM BM 97S68, Chile, Pleistocene, 
oblique basal Mew. widtli = 37.3 mm. Figures 20, 21. Chlorosioma cnn/omphalnm (]i)nas, 1844). UWBM 97871, DV 1599-1, 
Recent, length = 26.0 mm. 20. .\pertural view. 21. Lateral Mew Bigures 22, 23. CJilorostoma i^uofiim IiauuVez-Bohine. 1976' 
LAM3M 97S72. Pellehue. Chile, Recent, widtli = 17.5 miu. 22. Oblique spire Mew^ 23. Basal view. 14gures 24-20. CJilorostoma 
cfidpiia new species. 24. lAVBM 97873, 1254-Bal 6. late earlv Pliocene, basal viewv, widtli = 17.3 nun. Note faint protractive 

stripes on base. 2.5. MUSM L\A 136. D\ 571-1. .svutvpe, late Miocene, oblique spire view, widtli - 17.0 mm. 20. I \\ B.M 97873. 
oblique spire view. 
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gen und besclireibungen neuer oder wenig gekannter 
Conchylien, v. 1, p. 16S, pi. 5, fig. 6; Philippi, 1S46, Die 
Kreiselschnecken oder Trochoideen, p. 198, pi. 30, fig. 1; 
Hupe, 1854, p. 142, Malacologia, pi. 4, fig. 2. 

Monodonta atra Lesson. — Potiez and Michaud, 1838: 319, pi. 
29, figs. 14, 15. 

Tegula atra Lesson. — DaU, 1909; 239, pi. 24, fig. 4; Carcelles and 
^\"illimnson, 1951; 262; Aldea and ^"aldo^inos, 2005: fig. SB. 
Cdilorostoina ater Lesson.- — Morch, 1850: 20. 

Tegula iChlorostonia) atra (Lesson, 1830). — MarincoMch, 
1973: 24, fig. 42; Alamo and ^^aldi\ieso, 1997: 13, fig. 25; 
Guzman et ak, 1998: 35, fig. 22; Forcelli, 2000: 61, fig. 87; 
ye\iz and \"asquez, 2000; 759, fig. IB. 

TrocJms moestiis Jonas, 1844: 113; Phihppi, 1846, Abbildungen 
und beschreibungen neuer oder wenig gekannter Con- 
chvlien, v. 2, pi. 6. fig. 5; Philippi, 1846, Die Kre- 
iselschnecken oder Trochoideen, p. 199, pi. 30, fig. 2; 
llupe, 1854: 147, Malacologia, pi. 4, figs. 3, 3a, 3b. 
Tegula moesta (Hupe, 1854). — Dali, 1909; 239; Alamo and 
\'aldi\ieso, 1997; 14. 

Chlorostoma minor Morch, 1850: 20. 

Diagnosis: Shell width about 40 luin; last whorl 

broadh' rounded, including shoulder; keels lacking. Um- 
bilicus of juvenile and adult shells white, closed; umbili- 
cus with hvo well ex^^osed spiral cords, the adaxial cord 
terminating in a columellar tooth. 

Matenal Examined: UWBM 97855, DV 39S-L Re- 

cent, L = 25.0, W = 30.7; UMT3M 97S56, DV 398-1, lot 
of 2; UWBM 97857, DV 1252-1, L = 11.8, W = 18.6; 
UWBM 97858, DV 1418-1, latest Pliocene, L = (22.2), 
= 30.2; UM^BM 97859, DV 463-1, late Pleistocene, lot 
of 2; UM^BM 97860, Paracas Hotel, Recent, L = 22.2; 

= 23.4; UWBM 97861, Ipun, Chile, Recent, lot of 2; 
UWBM 97863, DV 1372-1, Recent, 1. = 8.0, W = 9.8; 
MUSM INV 126, D\^ 1252-1, eaiiv Pleistocene, L = 
(19.2), W = 27.1; MUSM INV 127, DV 1418-1, L = 31.4, 
W = 36.6; MUSM INA^ 128, DV 463-1, lot of 2. 
Occurrence: Late Pliocene to middle Pleistocene: 

southern Peru to southern Cliile. Late Pleistocene: 
southern Peru, Chile, southern Argentina. Recent: 
northern Pern to soutlieni Chile, southem Argentina (C. 
Pastorino, pers. comm., 2002). 

Remarks: Specimens of Chlorostoma at mm can ex- 

ceed 40 mm in width and are generallv smooth-shelled 
and puiple-black, eitlier entire!)' or dorsalh', only. Tlie 
last wiiorl is aKwiys broadh^ rounded; it lacks the keeled 
spiral cords present on specimens of C. hictiiosiim. The 
base on some specimens of C. at mm has w'eak spiral 
threads; the spire of some also has one or more narrow 
spiral grooves that produce as man) as 15 inten ening low- 
broad spiral cords (Figure 7), not unlike the spiral sculp- 
ture of the Californian C. fiinchralis (A. Adams, 1855) 
f Figures 5. 6). 

The adult shell of Chlorostoma at mm is nsualK' dis- 
tinguished from that of other Permian chlorostomines b\ 
its dosed umbilicus. [G. Collado (pers. comm., 2005) 
notes that juveniles of C. hirtnosnm and adults of the 
small Tegula (s.l.) tridentata occasionallv lia\e closed 
umbilici.] The white umbilical an^a on specimens ol C. 
atnnn has tw'o spiral cords. A wiiite inner cord lises from 


beneath the umbilical callus and terminates on the edge 
of the columella as a thickened tooth. A w^eaklv devel- 
oped white outer cord traces the boimdan' of the um- 
bilical area and becomes flattened on the columella, not 
quite protnjcling far enough to produce a tooth. Rare!)/, 
one or two w^eak spiral spurs develop bchveen the hvo 
umbilic al cords in a nacreous area that lies adaperturally 
of a thin, glossy, umbilical veneer. They, too, do not 
extend far enough to j:) reduce columellar teeth. 

Chlorostoiua luctitosiim (d'Orbigny, 1841) 

(Figures 10-12, 14-19) 

Trochus luctuosus cl'Orbign)\ 1841, 5, p. 409, pi. 76, figs. 

16-19; Philippi, 1846, Die Kreiselschnecken oder Tro- 
choideen, p. 153, pi. 25, figs. 4, 5: thipe, 1854: 143. 
Tegula luctuosa Orbignv. — Dali, 1909; 239; De^hies, 1986: 
512, pi. 27, figs. 3, 4; Guzman et al., 1998: 36, fig. 23; \^eliz 
and Vascjuez, 2000: 762, fig. ID; Alamo and \7rldi\4eso, 
2000: 14; Aldea and \7ildortnos, 2005: fig. SE. 

Diagnosis: Shell width to 35 mm. Last whorl with one 

to three spiral cords or keels. Adult umbilicus open; ju- 
venile umbilicus usualK' open; umbilicus with rtvo w’-ell 
exposed umbilical spiral cords, the adaxial cord terminat- 
ing in a columellar tooth. 

Matciial Examined: OSU 37596, D\" 240-23, latest 

Pliocene, L = 19.5, W = 23.9; UWBM 97864, Paracas 
Hotel, Recent, L = 20.3, = 23.7; UWBM 97865, Pa- 

racas Hotel, Recent, L = 20.5, W = 24.4; UV^BM 97866, 
Ilueco La Zorra, Recent, L = 21.6, = 28.5; UV^BM 

97867, Lomas dump. Recent, L = (20.6), W = 26.4; 
UVILM 97868, W 7 Z 345, Chile, Pleistocene, L - 26.8, 
= 37.3; UM bn! 97869, DV 382-1, Pleistocene, I. = 
(20), \V = 28.4; UWBM 97870, WJZ 345, L = (35.0), W 
= 43.1; MUSM INV 129, DV 382-1, L = 20.6, W = 31.1; 
MUSM INV 130, JM 8220, Pleistocene, lot of 2. 

Occurrence: Late Pliocene to upper Pleistocene: 

northeni Peni to Tongoy, central Clule. Recent: Galapa- 
gos Islands to Concepcion, central Chile (.southern limit 
from LACM collections). 

Remarks: Specimens of Chlorostoma hictiiosiim are 

large and pinple-black, either entireK' or dorsally, onl^^ 
Adult specimens are generallv distinguished from speci- 
mens ofC. atmm b) ha\ing an open umbilicus and from 
both C. atmm and C. euryomphahim hv ha\1ng one to 
three priman^ spiral cords or keels: one near the base of 
tlie whorl, forming the periphen (Figure 12); another 
about one quarter of the distance anteriorh' from suture 
to suture (Figure 12); and a third occasional!) dcw'eloped 
just antenor to tlic penphen’ (Figure 19). Some speci- 
mens of C. Inctuosum are also cox ered xxith tertian spiral 
threads (Figures 17, 18). The thin umlulical veneer and 
columellar teeth are identical to those on specimens of 
C. atmm. as are the umbilical cords, except that the)' are 
expo.sed coiling deep into tht^ nmlulicus. 

Chlorostojua curijomphahnn (|(uias, 1844) 

(Figures 20, 21 ) 

Troclnis euryomphahis ]i.nvAS. 1844: 113; Idjilippi, 1844, Ahhil- 
(limgcu uiul hesf]irei])uiigeu neuer oder wenig gekannter 
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Figure 41. locality ( D\^ 571-1 ) of Chlorosfoma quipna 

new species. 


Conchvlieii, v. 2, p. 27, pi. 6, fig. 4; Pliilippi, 1-S46, l )i(‘ 
Kreiselschnecken ocler Trochoidciai, p. 155, pi. 25, fig. 7. 
Tc<^nla eurifomphala Jonas, 1S44). — Caicellcs and \\ illiainson, 
1951:262. 

Tc^iila cunjomphalus [,Wr] (Jonas). — Dali, 1909: 239; Alajiio 
and \’aldi\1eso, 1997; 14. 

Trgula eunjomphala (Jones, 1844) [sic ]. — Guzman et al., 1998; 
36, fig. 25: Veliz and Vasquez, 2000; 762, fig. IE; Aldea 
and \7ddo\'inos, 2005; fig. 8C. 

Trochus kieneh llupG 1854, p. 144, Malacologia, pi. 4, figs. 1, 
la. lb. 

Diagnosis: Shell width to 35 min. l^ast whorl broadly 

rounded. Uinbilicns white, open; uinbilicus with two wadi 
exposed spiral cords, the adaxial cord terminating in a 
cohimellar tooth. 

Material Examined: UW BM 97S7L 1)\^ 1599-1. Re- 

cent L = 26.0, W = 29.9. 

Oeeurrence: Late Pleistocene: Northern to cential 

Chile, Recent: Southern Peru to central (Jhile. 

Remarks: Specimens of Chlorostoma cunjomphahnii 

are large, puqile-black, and characterized b\^ a broad 
open umbiheus and broadlv rounded w horls. The\ differ 
from specimens of C. afnim. which luwe a closed umbi- 
licus, and C- hictuosum, wiiich ha\e one or more angular 


spiral cords or keels. On some s[)ccimens of C. htrino- 
simu howa'wr, including Recent Permian and Chilean 
examples Irom LACM collections. Pleistocene (diilean 
specimens Irom W’JZ collections, and upper Pliocene Pe- 
rmian specimens from northern Pern, the spiral cords 
ai*e so wa'ak that a.ssiguing the materia! to C. hicfiiosnm or 
C. CHrifomphdhim is problematic. 

Chlorostoma i^notum (Raiiimv.-Bohme, 1976) 

(Figure's 22, 23) 

Tc^iila i^nota Ramirez- l^r)l]nic, 1976; 3, figs. 1-6; Forcelli, 
2000: 61, tig. 88: \Y4iz and \ as([iiez, 2000: 762, fig. IF; 
Aldea and \ aldoxinos, 2005: fig. 814; Collado and Browm, 
2005; 131. 

Diagnosis: Shell width to 30 mm. Outer layer slate 

colored. Sculpture consists of se\ eral w^ell de\Tlop('d, un- 
beaded, primaiT spiral cords. Umbilicus open. 

Material Examined: U\\4A\1 97872, La Rinconada, 

Pelluhae, Chile, Recent, L = 11.1, \V - 17.5; UWBM 
97906, Ipuii, Chile, Recent, L - 29.4, W = 32.6. 

Occurrence: Recent: central to southern Chile. 

Remarks: Chlorostoma i^aotum is kmowm onl\^ as a 

Recent specie's from Chile (e.g,, Collado and Browm, 
2005). Specimens of C. i^nolmn differ from those of 
other extant chlorostoiuines ol the Permian Faunal 
Pi'ovinct' in txvo significant respects: they lack the puiq:>Ie- 
Idack outer shell layer ol C. at rum, C. luduosunt, and C. 
rurtjomplialum, being rathc'r slate colored, and tlic’v have 
numerous, proniineut, wcil-dillerentiated priinan and 
secondai*)' spiral cf)i*ds l)eLveen tlie peiiphen' and suture 
and to a kxsser e.xtent on the base. The wail-exposed 
umbilical cords, thin umbilical veneer, and cohimellar 
teeth art' idc'iiticab howa‘\'er, with those of other species 
of South American Chlorostoma, and the strong spiral 
cords (Figure 22) are like those st'cn on rare specimens 
of eai‘]\ liiocene C. (ptipua new species (Figures 25, 26; 
see belowO. 

Chlorostoma ipiipua new species 
(Figures 24-40) 

Diagnosis: Adult whorls piiq:)Ie-black dorsalK’; spire 

and I^ase iisiialb light browm, commonK with dark browm 
protracti\e stiipes or inottliug. Umbilicus narrow, open. 

Descriplit)ii: Shell up to 30 mm wide. Spire angle 

about SO degrees. Feriplien' near base, sliaqd\- rounded 
to slightly angular. Sutmc's appressed. Protocouch un- 
knowm; ttit'oconch with li\t' Hat -sided to slightK' convex 
w horls. Axial sculpture absent or rareh' with mgose pro- 
tracti\ e libs. Thin growth lines strongh pro.socline. Spiral 
sculpture ol 20 muted spii al thrt'ads posterior ti) peiiph- 
ei*v; rand}' with thi'ee to li\c spiral groo\es separating 
four to six liroad low' spiral coixls or without spiral sculp- 
ture. Tw'eut}' to 30 e\ enl\' spaced spiral threads on base 
of jmenile speciiiiens, united or obsolete on adult 
whorls. Outer shell la\'er piiqile-black on adult wiioiis, 
tan or light brow'ii on spire whorls and base. Protractixe 
and rarel\- retrotractix’e w rinkh'd brown stripes usualK 
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l^4giiros 27-40. Chlorostomu ifuipua new species. 27. MUSM INA^ 131, 0\ 571-1. sMihpe, spire \ iew, width = 2S.4 nim. 28. 
MUSM L\\ 133, D\ 1635-2, eariv Pliocene, basal \iew, \\idth = 16.0 nnn 29. I W'BM 97-SSO. D\^ 1635-2, basal \iew, width = 16.6 
min. 30. r\\ B\1 97879, DV 1635-2, basal \ iew, width = I S. 5 mm. 31. UWB.M 97890, UN' 1598-1, early Pliocene, obliipie spire, width 
= 1 1.2 mm. 32. LWH.M 97883, 1284-1, Pliocene, olilicpie basal view, width = 8.9 mm. 33. IA\TM 97876, DV 571-1, s>iitvpe, 

ap(a1nral \i(^w. lens;th = 22.7 mm. 34. U^^4^>^I 97880. ()bli(|iie spire \iew'. 35. MUS.M IN\^ 133, apertnral \iewr 30. U\\iP\l 97881. 
I)\ 1029-1, eai'K tiiocene, spire \iew\ width ” 17.-1 mm. 37. LWiLM 97879, oblic|ue spire \iew. 38. \1US.\1 1\V 135, 1029-1, 

obli([iie spire \iew, width = 1 1.3 mm. 39. IA\ liM 97878, 809-1, Pliocene, spire \iew, width = 22.1 mm. 40. MUSM INA’ 132, D\' 

809-1, basal \iew', width = 19.0 mm. 


present on l)ase and le.ss olten on spire. Inside edge ol 
outer lip sinootli. Umbilicns open, narrow’: mnbilical ve- 
ii(M*r tliin. (Mlmnella witli tliick inner tooth at (md ol 
well-exposed white spiral innbiliea] cord. WTak outer 
tooth adjaci'iit to lloor of a]i(*rtnre at end ol thin spiral 
coni lollowing outer margin of mnbilical area. Small pa- 
rietal flange barelv (ma'lumgiiig mnliilicus. 

lA pc Lf)calily: 571-1 , \lto Grande, about one km 

south oi intersection with abandoned |)a\ed road to San 
|nan d(‘ Mareona, on sontli-laeing hillside w'est ol Pan- 
anieriean Iliglnvav: one ol scweral slndl banks ol the 
Piseo I'ormation l^igni'e 41). I.oealilv inacenraU‘b vv- 
lernal to as lil [alnuw in Miii/on and l)(Ahies (1985). 
15 26'57"S, 74'52h)6"W (Anirf 1:100,000 (piadrangle). 
Middle ii])p(a' Miodaie. 


Tvpe Malerial: (All DV 571-1, all sMihpes) UWBM 

97876, L = 22.7, M’ = 27.3; U\\4L\1 97877, L = (17), 
W = (25.1); MUSM 1N\’ 131, L = (18.9), W - 28.4; 
MUSM INA' 136, L = (10.2), = 17.0. 

Other Material Examined: U\\ ILM 97873, D\T254- 

Bal 6, late early PlioecMie, L = (1 1.0), W' = 17.3; UWBM 
97874, DV 1254-Bal 10, late Plioecate, L = (1.8), = 

10.4; lAVBM 97S75, DV 1254-Bal 10. L = (14.1), W 
24.4; UM B\l 97S78, 19V 809-1 Jdioeene, L = 15.4, = 

22.1; UM1LM 97879, D\ 1 6.35-2, earl\’ Pliocene, L = 
12.2, W = IS.5; UM BM 97SS0, DV 1635-2. I. = (ll.3b 
\V = 16.6; UW BM 97SSU DV 1029-1, earK Pii«)e(aie, 
I. - (1 2.3), W' (1 7.4); I W BM 97882, l)\’ l'029-t, U 
(12), ^V = 16.7: lAVBM 97SS.3, D\^ I2S4-I, PliodMuy 
L - (5.2), W’ = 8,9; UWBM 97S90, DV I59S-1, tmrb 
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PlioLViie, L = 8.4,W= 11.2: MUSM L\\' 162, P)\ S00-], 
L= 16.8. W = (10,0): MPSM I W' 133 J)\M635-2. L = 
11.2, \V = 16,0; MUSM LW 134, 1635-2, lot ol 2; 
MUSM LW^ 135, D\ 1029-U L = 6.9, M' = 11.3. 

OcciiiTcnee: Middle late Mioeene to early late* 

Plioeeiie: .soiitliern Peru. 

EtMnolo”"\’: “(duipuaU Uatiiiizetl \er.sic)n ol “(jiiipii,” 

Inca counting dc'\icc' ol hraitled and knotttal strings, 
e\'oked hv the wrinkk'd brown stripes on the base and 
spiiv ot this speeies. 

Remarks: Spt^ciinens of Clilorostoma (ftiipua dilfer 

from those of C. eun/ompltaliim and C. hictiiosinn hv 
lia\1ng a narrower innbilical area, smaller parietal llaiigty 
and protraethe brown stripes. Speeiinens ol C. (juipua 
lack the kt^eled spiral cords of C. lucfuositm and closed 
umbilicus of C. atrinn. Sonu' speeiinens of C. (pnj)U(K 
both Mioeene and Plioceme, ha\ e broad spiral cords (k3g- 
lire 25) like tliose seen on thc^ jmxaiile whorls of some 
specimens of C. at nun (Figure 7). A single specimen 
from upper Pliocene beds abo\'e Pkwa Huacllaco (Figure 
26) has spiral cords as pronounced as the raised spiral 
cords on specimens of the modern Chilean C. i^uotum 
(Figure 22). Some lower Pliocene specimens near Yanea 
(Figure 31) ha\e coarse protraetbe axial ribs like' those 
on some Asian chlorostomines. 

Specimens of Clilorosfowa (fuipiia siipcadic-ialh^ re- 
semlde those of C. galliua (Forbes, 1852), a Pliocene-to- 
Recent species from Calilornia and Baja (California 
(Grant and Gale, 1931; McLean. 1978), and C. ni^osmu 
(A. .Adams, 1853), a Recent species from the Gull of 
Califoniia (Keen, 1971). Specimens of all three speeies 
ha\e some degrt'e of puiple-ldack color and protractile 
stripes on the spire aiuFor base. Spt'cimens of C. ^alliua 
and C. nt^osinn, lioweier, are more' I’entricose lateralK' 
and basalh' and have wvak to prominent protraetive axial 
ribs and stripes posterioi' to the base. Spc'cimens of C. 
gallina usiialli’ liave a closed umbilicus. 

Shells Clilorostoma ipiipua are found in upper Mi- 
ocene beach deposits near Alto Grande (D\" 571-1; see 
Mnizon and DeXhies, 1985) with specimens of Chorus 
frassiuetti DeXhies, 1997, iuu\ Acauthiua ohesa lOeXVies, 
2003 DeXAies, 1997, 2003). Lowei' Pliocene specimens 
of C. cjuipua occur together witli specimens ol tlie mii- 
ricid gastropods, Concholepas kieuni Hupe, 1854; Xau- 
thochonis ochuroma DcAAit's. 2005; and llermiurspiua 
saskiac DeXMes and X’enneij. 1997; and tlu' turbinid gas- 
tropod, Prisogastcr mcleaui DeXA'ies, 2006 (DeX'rii's, 
2005. 2006: DeXAies and X^erineij, 1997). 

Genus Cantallocostoma new genus 

Type species: Trochus ciitadncostatus Wood, 1828. 

Recent. Peni and Cliile. 

Diagnosis: X\ bite to brown outer shell layer. Three to 

fi\e beaded priinan' spiral cords. Umbilicus open. l)road. 
Two adaxiallv situated spiral umbilical cords tc'rminating 
in columellar teeth. Parietal waill \('i4ical, without pari- 
etal flange overhanging uml)iliciis. 


De.sei’iption: Shi’ll iij) to 35 mm in diameter. X\’horls 

lentricose to (jiiadrate; peiiphen' w’cakK bicaiinattv Spi- 
ral .sculpture t)l three to b\e primaix’ spiral cords bro- 
ken ijito beads; intersj:)aee.s with twx) to fi\e continnoiis 
or w'('akK’ headed tertian threads. Base with lour to 
(i\'e beaded or uon-beaded priman’ spiral cords and in- 
t('n(ming secondan^ cords and tertian' tlireads. Um- 
bilical area wliite, tabnlati', shaipK' deliiu'd, with margin 
of nmbilic'al area Haring tow'ards aperture as steep- 
K inclined wall. Umbilicus op('ii, broad, with two spiral 
umbilical t'ords situat(*d adaxiallv, the innennost 
thii'ker; each cord terminating in columellar tooth. 
Tlhrd tootli .sometimes present at base of eolnmella. Um- 
bilical veneer lariabK’ deieloped. Columella tliin, 
upriglit, without parietal Range overlianging umbili- 
cus. Floor t)f aperture with It'dge but witliout teeth. In- 
ner lip .soimAinuxs with four to six clo.seb' spacc'd low' 
teetlr 

Occurreiiee; Late Miocene to Pkistoeene: southern 
Peru. Recent: northern Vovu to Chile. 

EtynioIogA’: ‘XAmtalloc, ’’ site near Xazca, Pern, w here 

subterranean aqueducts are reached from ground Ie\el 
Iw pre-lneaic stonewxilLlined spiral paths that resemble 
the spiral umbilical cords of tliis genus. 

Remarks: Specimens t)f Cantallocostoma diller from 

those of Asian, (Ailifornian, and Permian Clilorostoma \ )V 
lulling beaded spiral cords and tivo adaxialli' situated 
umbilical sjural cords. Tlie>’ diffei' Irom specimens ol 
Intistoma now genus, bi liai ing closidv .spaced beads and 
lacking a snbsntiiral band of ii’ell-dei eloped protractil e 
nodt's. Sp(‘cimens of Cantallocostoma difler from teg- 
nlines traditionalli assigned to Agathistoma by lacking 
hallmarks of that genus; 'Ai arrow open umbilicus, a 
smooth or fineli beaded spiral scnlptnu', and a varie- 
gated surface coloration ' ((Bisson and llarbi.son, 1953: 
351). 

Cantallocostoma {fuadiicosiatum {X\ix>d, 1828) 

(Figures 42-45, 47-19) 

Trorlnis qnadricoslafa Wimd, 1828: 16, pi. 5, fig. 16. 

Trochus quadricosiatus Wood. — Philippi, 1846, Die Krei- 
sclschiK'cken ocler Trochoideon p. 154. pi. 25, fig. 6. 
Tcgula quadricostafa (MOod, 1828). — XVliz and XXisqiK'z, 2()00. 

759, fig. lA; Aldea and X’aldoiijios, 2005: 8F. 

Tcgula quadricosiaia Gray. — lialk 1909: 240; Alamo and 
Mildiiieso, 1997: 14. 

MoiUHlonta ratcuifera tX>ticz and Michand, 1838: 318, pi. 29. 
tigs. 12-13. 

Trochus torulosus Philippi, 1843, Abbildnngen nnd Ho.selirei- 
Imngen neuer oder iveiiig gokanntor (ionchi lien. \ . 1, pi. 
2, fig. 12. 

Diagnosi.s: Low spire, white to c*ream-eoloR'd with 

pinple along edges of sculptural elmnents. Sculpture ol 
tliR'e to liie prominent primai'i’ beaded spiral cords. 

Material Examined: UX\4LX1 97884, OX^ 1372-L Re- 

cent, L = (14.4), XV = 23.9; lAX'BM 97885. DX 1372-L 
L = (13.3), XX^ = (20.8); UXX4LX1 97886, D\ 1713-1. earli 
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Figures 42—45, 47—49, Caiilallocosfonui ifiuidricostatiini Wood, 1S2S. 42. I \\ BM 97SS4, D\’ 1372-L Uecent, ol)li(]ne spire \ie\\, 
widtli = 23.9 inni, 43. UW BM 97SS6, 1713-1, earK Pleistocene, apertiial \ic\v, width = 21.5 nun. 44. \U S\l 1\\^ 137, 1)\ 

1355-1, late Pliocene, Basal \iew', width - 16.0 inin. 45. L \\'BM 97SSI, oBliqne Basal \icw. 47, UW'BM 97SS5, 1)\’’ 1372-1, (^l)h(jue 
lateral \ iew', width = 20. S nun. 4«S. UWBM VJ7SS7, 1)\' 1355-1 , oBli<jne spire \ iew , width = BS.l min. 49. I \\ BM 97SS6, oBliqne liasal 
vi(wv. I"igiires 46, 50-54, Canfallocosloma panisiosium new species, 46. \ILS.\1 IW 141, DV 1635-2, earK Plioceii{\ oBliqne 
spire view, width = 14.3 niin. 50. TWBM 97891, I5\' 571-1, late .Mioeene, oBli<jiu' spire \iew', width = 1 1.9 iinii. 51. UW BM 97SS9, 
I)\" 159S-1, syntA'pe, oBli(]iie lateral vic-w', width = 33.7 nnn. 52. UWBM 97889, oBliqne Basal \iew. 53, U\^41M 97889, apininral 
view. 54. .MUS.M IW 139, 0\ 1.598-1, svnUpi*, Basal viewc width - 21.9 nnn. Figure.s 55-57. hifisfoi}ia pinpui new species. 
UW PjM 97892, D\M70-1, SN'iil\p(‘, (‘arlv Pliociaie, lem!;l]i = 38.9 nnn. 55, l.ateral \iew . 56, .Npeiinral \iew' (lighting Iroin upper right). 
57. OBliqne Basal vic^v. I'dgiii'es 58, 59. fufisfouid (iiirrotindnin (h'orBes, 18.52). Sontli ol La (olla, California Ih'ccnt. 58, UW4LM 
97896, lateral \iew\ lengtli = 20.0 nun. 59. U^^41M 97897, ol)li(|ii(' Basal \iew , widtli = 17.8 niiti. L4‘giires 60-63, A^atliistonia 
f)ala<^nni(um (d4)rbjgny, 1835). 60. UWBM 97893, Argentina, lieeeiil. oBlicpie spin^ \iew', width = 15.1 nnn. 61. UWBM 97893, 
oBliqne Basal \iew. 62. UW BM 97895. 1)\ 1032-2, late Plioeeiu', lateral \ iew, width = 12.7 nnn, 63, t W'ILM 97895, ohlicjne s]4re 
\ iew . 
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Pleistocene, L = (14.5), ^\' = 21.5; lAMlM 97S87, DV 
1355-1, late Plioceiie, L = 12.6, \\ = IS.l; I W BM 
97S8S, DV 1355-1, L = (10.0), = 16.1; MUSM I\V 

137, DV 1355-1, L = (8.9), \V = 16.0; MUSM INV 138, 
DV 1355-1, L = 14.1, M' = (19). 

Oceiirrciiee: Late Pliocene: sontliern Pern. Recent: 

northern Peni to Chile. 

Remarks: Tlie mnnber of priinan l)ea(lecl spiral cords 

on the last w horl n{ Cautallorostoma cjiuidricostatiim \-ar- 
ies betw een three and fi\ e. Most modern specimens lia\ e 
hvo wldc4\ spaced pnman' spiral cords on the anterior 
half of the wliorl and closeh' spaced primal*)’ spiral 
cords adjacent to the posterior suture (Figure 42). Some 
specimens ha\e an additional priman spiral cord be- 
tA\een tlie Lvo aiitenor spiral cords (Figure 47); other 
specimens ha\e one of the postenorniost primaiT 
spiral cords missing (Figure 43). The six known late 
Pliocene specimens from southern PeiTi (Figure 48) and 
single earl) Pleistocene specimen (Figure 43) ha\e three 
pnman- spiral cords. 

Cantallocostoma panlstosiiim new* species 
1 Figures 46, 50-54) 

Diagnosis: Exterior uniformK pale brown; spiral 

sculpture of thrt^e beaded spiral cords. Basal spiral cords 
bunched towards umbilical area. 

Descnption: Shell nearh 35 mm in diameter. Spire 

angle about 70 degrees. Periphen at base, sharpK' 
rounded. Sutures impressed. Protoconch unknown. Te- 
leoconch with fi\e quadrate whorls, .\xial sculptun^ ab- 
.sent e.xcept for intennittentlv rugose prosodine growth 
lines. Spiral sculpture of closely beaded spiral cord at 
base and hvo posterior spiral row^s of more widel)* spaced 
beads, about 25 per whorl, Iiracketing shoulder. IMste- 
lior beads sometimes shghtlv protractixeU elongate. In- 
terspaces rarely with beaded secondaiT spiral cords; usu- 
al!) witli waxeiing tertian' spiral threads. Base wc'akK' 
con\ex. witli six to ten closely spaced spiral coids adja- 
cent to umbilical area. Outer shell lay<a- pale browm, 
witliout color pattern. Inner edge of outer lip smooth. 
Umbihcus open. wide, with two adaxiallx' situated spiral 
cords. Umbihcal \ eneer thin. Innermost umbilical cord 
prominent, second cord thin; each terminates in col- 
umellar tooth. Third tooth at base of columella nearly 
obsolete. Columella thin; parietal llange alnsent. 

T)pc Locality: DV 1598-1, roadcut along Panameii- 

can Highw*ay, shell beds exposed along descent from 
north into Rio Yauca yalley (Figure 64). 15®39'49"S, 
74°31'50"\V 1 Yauca 1:100. 000 quadrangle). I.ow^er 
Pliocene. 

Txpe Material: D\^ 1598-1, all ,syntypes) UM BM 

97SS9, D\’ 1598-1, L = (25.2). = 33'.7; UW BM 97890, 



Figure 64. Type k>calit\- (D\" 1598-1) of Cantallocostoma 
panisfosftnn new species and other teguline localities hetx\een 
Sacaeo and Yauca. 


DV 1598-1, L = 8.4, \V = 11.2; MUSM INV 139, DV 
1598-1, L = (13.7), ^V = 24.9; MUSM IXV 140, Pan- 
american roadcut at Yauca, early Pliocene, L = (17.9), 
= 33.3. 

Other Material Exaniiiied: UW BM 97891, D\ 571- 

1, late Miocene, L = 10.4, W = 14.9; MUSM 1N\^ 141, 
DV 1635-2, early Pliocene, L = 8.8, W = 14.3. 

Oeeurrenee: Late Miocene to earl)* Pliocene: south- 

ern Peru. 

EtAiiiologx': “Panis,” Latin noun meaning ‘’bread," and 

"tostum," Latin neuter past participle-adjectiye meaning 
doasted," rel erring to the bread-crust color of tliis spe- 
cies. 

Remarks: The light brow’u color ol the outer shell 

la)(u* on specimens of Cantallocostoma panistostiim re- 
semblc’s tliat of specirmms of Tcgiila hempliilU Oldrox d, 
1921, a late Pliocene-to-Pleistoceue species from Cali- 
fornia (Crant and Gale, 193J ). Specimens of 71 hempliilli 
and numerous other Miocene and Pliocene Californian 
teguline species with similar col< oration lack the tx\’o um- 
bilical sjhral c(^rds close to the axis and are cox'ered b) 
numerous cto.sely spaced priman' spiral cords, none of 
which are l:)eaded. 

Specimens ol Cantallocostoma panislostnm are found 
in up[)er Mioc*(Mie nearshore sandstones with Chloros- 
toma qiiipna\ C'dionis frassbictti DcAhies, 1997; Acan- 
thina ohesa. and Xanihochonis stcphanicus I.5e\4ies, 
2005; and in kwver Pliocene cobldv bioclastic graxels as- 
,sociatcal witli the moutli of the paleo-Rfo Yauca witli 
disarticulated x aK es ol an undescribed Anadara species, 
\enerid bixalves, Chlorostoma cpiipua, Xanihochonis 
ochuroma, and Concholcpas nodosa Moiicke, 1896. 

Genus Intistoma new genus 

T)pe sj^eeies: Trochus aurcoUnctns Forbes, 1852. 

Pleistocxme to Rca'ent, California. 
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Diagnosis: S|4ral sculpture of siibsiitural band ol thick 

protracti\ e nodes and j^eriplieral and su [^-peripheral pri- 
inan' spiral cords. Base ^vit1l three thick, phinaiy spiral 
cords. Umbilicus open. 

Descnplion: Shell up to 45 mm wide, spire angle 

about 75 degrees. \Miorls four to fi\e in number, ([uad- 
rate to cannate; sutures weakly irnpresstxl. Protoconch 
unknown. Sculpture ol thick rounded protracth’c axial 
ribs intersecting witli an ecjiialK thick spiral cords, pro- 
ducing a broad subsutural spiral band of elongate pro- 
tracti\'e nodes, a near-basal periplieral band ol stubbv 
pi otracth e nodes more numerous than nodes in the sub- 
sutural band, and a sub-peripheral primaiy sjnral cord 
with little axial modification. Tertian' threads s(^metiines 
present: often cormgated b\' slight!)' raised strong!) ob- 
li(]ue lamellar growth lines. Umbilicus open. ColuuKdla 
thin: parietal llange erect to sliglitK' owrhanging umbi- 
licus; jKirietal callus small. Umbilical x'eiieer thick, cent- 
ering all but wtedge-shaped adapertiiral portion ol um- 
bilical wall. Umbilical spiral cord submerged in umbilical 
w^all, emergent terminalK’ as prominent columellar tooth. 
Smaller second columellar tooth sometimes present 
abiixialK' adjacent to first tooth. 

EtMnologv: “Inti,” the Inca sim god, with a u(}d to 

California's suushiiu^ and the sunset-orange color inside 
the umbilicus of the t\pe species, lufistoma (uircotinc- 

Occurrence: Lat(^ Miocene or early Pliocene: south- 

ern Peru. EarK Pleistocene to Recent: Calilornia. 

Remarks: Tlie ikwv genus, Infisionid, is proposed tor 

U\'o \en' similar species: tlu‘ Plc1stoccnc-to-Keceiit Cali- 
lornian Infistonui (nircotinrtmu and the earh' Pliocene 
Ik^rmiaii /. j)ir(fua new species. SpeciiiuMiS of both spe- 
cit^s dilTer from those of uearK all other teguline taxa In- 
possessing three thick pilmaiv spiral cords on the base, 
ratlun* than cords that art' more' numerous and tliinner. 
Specimens of Infistoma additionalh' differ from those 
properly assignt'd to /V^aihi.stonm by lacking tc'cth on the 
lloor ol tlic apcitm e and the inner edge of the outer lip 
and bv lacking closc'ly spaced lieadt*d primaiy spiral 
cords. 

Infistoma aiircotinrfiun has bt'en considt'rcd tlu' ex- 
tant represc'iitati\'(' ol a lineage ol Caliloriiian Nt'ogt'ue 
teguliiK'S (Addicott, 1 970) that includes tht' earK Mi- 
oct'uc 7”cg///e (lalli anioldi Addicott, 1 970, the late Mi- 
oct'uc T(‘oul(i nasJu/c (lark, 1915, and Pliocene Tc^Jila 
linnpliilli Oldrtwd, 1921. Specimens ol lossil ( ialilornian 
s]ieci('s do ha\e a subsutural Inind ol elongate' protratliu' 
nodes, as do s]:iecimciis ol Infistoma^ and sonu' ha\(' 
thick p('riph('i*al spiral cords, but iioiu' ha\t' the distinc- 
ti\'c iiitistomiiK' ct)uibiiiation of thick basal spiral cords 
and t('rtiaiw sjnral thnxids across th(' t'utin^ surface' of the' 
whorls. 


Infistoma jjirqiia new species 
(Figures 55-57) 

Diagnosis: Shell large, w^^akly bicarinate, with poste- 

rie)r renv of pre>tracti\ e nodes. Base of shell with three 
broad spiral cords. Umbilicus open. 

Description: Shell large, wielth more than 40 mm; 

spire angle' about 60 degreH's. Mliorls \e'ntricose, w'eakly 
bicarinate'; sutures deepK iinjDresscd. IVe)toconch nn- 
knoW'ii; ('al ly si>ire whorls missing; teleoconch of at least 
thre^e w horls. Last whorl with sculpture of about IS elon- 
gate protracti\’c ribs on pasterior lialf of wTorl; with 
about 21 circular to slight!) jirotractiveh' elongate nodes 
at jieilplieiy, tw'o-thirds the distance from suture to base; 
and with a continuous low broad spiral cord at edge of 
base. Base with three low' broad spiral cords, innermost 
cord Ixirde'ilng umbilic'al area and twice as wide as other 
two cords. Faint traces ol seconelan' spiral cords in in- 
terspaces lateral!)' and basalK. Apeilure obliejue, outer 
lip and colabral growth lines moderateh prosocline (10 
degrees). Umliiliciis open. Columella witli at least one 
tooth, diivcted basalK’; anteilor portion parti)’ excavated, 
parti)' missing, Flexir of aperture partly missing; no teeth 
e\1dent. 

Type Loca1it\ : 470-1, abo\'c rockx' road from Ha- 

cienda Tunca to Cduebrada Huaiicangana; hillside of 
lu'owTi sandstom* (Figure 65). 14°56' S,T5H)9' W (Palpa 
1:100,000 quadrangle). Upj)er Miocene or low^er 
Pliocene, 

T)'pe Material: (14\^ 470-1, s)nt)pes, late Miocene' or 



!^4gurcs (>5. T\pc localit)' ( l)\’ 170 1) of IntisUnua pircfita 
wi'w s[^('cii's. 
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earK Pliocene) UW’BM 97892, L = (38,9). = 43.4; 

MUSM 1X\’ 142, 1. = (32), W = (42). 

Occurrence: Late Miocene to early Pliocene': soutli- 

ern Peru. 

Etymology: “PircjiiaL l.atinized \ersion of “pP'9^^ 

(duechua word for “w^all,” relerring to the siinilarib' of 
thi.s species’s seulj4nn' and hieaic stone walls. 

Remarks: The t\pe specinu'ns ol hiiisioma pinfua 

closeh* resembles speeimc'ns ol /. anrcolincium (Figure's 
58, 59), elillering prineipalK’ b\ being t\\ ice the size in all 
eliinensions and In' ha\ ing better de\ ele)ped lunles on the 
peripheral spiral ee)rel. The specimens <4 /. f)ir(jn(i were 
loimd together witli specimens ol Cldamijs simj)Soni 
(Philippi, 1887) anel Fanopca ccxjuimbrnsis (erOrbigny, 
1842), botli species from lenu'r Pliocene' be'ds in Chile 
illenn, 1969) and soiithe’n] Pe'ru (Muizon anel DeVric'S, 
1985). 

A^athistonui Olssoi^ and Harbison, 1953 

T\pe Species: Trochiis viridiilus Cmelin, 1791 (by 

oiiginal elesignation). Recent, Caribbean anel nentheast- 
eni South Amenea. 

Remarks; One of hvo Recent specimens of Agaihis- 
toma paiagonicum from Argentina (UWBM 97893) lacks 
an open umbilicus (Figure 61), as do some specimens of 
die Pliocene Sierra Laziar outcrops in Argentina (Iher- 
ing, 1907), sugge'sting either that tlie eliaraeter is not 
eliagnostie for all species of Agathistoma (Olsson anel 
Harbison, 1953) or that tlie species in ejuestion might not 
be a member ol the Agaihlsioma group. 

Agathlstoma pafagoninim (d’Orbigny, 1835) 

(Figures 60-63) 

Trochus [MoiwcJonta) patagonkiis d'Orbigm-, 1S35, vol. 3(4), p. 

155; d'Orhigny, 1840, \ol. 5(3), p. -108, pi. 55, figs. 1-4. 
XcomphaUiis patagoniciis (Orb.). — Iheriug, 1907: -100. 

Tcgiila patagpnica Orbigm'. — Dali, 1909; 240; Alamo and 
\alcli\ieso, 1997: 14; Forcelli, 2000; 62, fig. 89. 

Tcgula [Agathisfoma) pafagonica (erOrhign)', 1835). — Rios, 
1985: 20, pi. 9, fig. 77; Del Rio, 1998: 27, pi. 1, figs. 16-17. 
Trochus cormgatns Philippi, 1844, Abbildnngen mid Besclirei- 
bungen iieuer oder wenig gekannter Concii\lien, v . I , p. 
67, pi. 2. fig. 7. 

Trochus fiiscesens Philippi, 1844, Abbilelungen iinel Bescliivi- 
bungen neuer oder wenig gekamiter Cejiicln lien, w I , p. 
92, pi. 3, fig. 8. 

Trochus orbigiujana PilsbiT, 1900: 110; Carcelles, 1945; 38, pi. 
1. figs. 6, 7, 12-15. 

Material E.\a mined: UW’BM 97893, Cabo deis 

Bahias. Chnbut Province, Argentina, Recent, = 11.2, 
W' = 15.4: UWTLM 97894. Cabo dos Bahias, Cliubut 
Province, Argentina, Recent, L = 11.6, \V = 14.6; 
CWIBM 97895, DV 1032-2, late Plieieene, L = (9), W = 
12.7. 

Diagnosis: Shell uneler 20 mm wiele. Sculpture of 

cioselv spaced beadeel piiman- spiral cords with inte'rca- 


lated secondan’ cords: beading sometimes obsolete. Col- 
umella v\itli three teeth; umbilicus open or closed. 

Occurrence: Late eaiiv to middle Miocene: Argentina 

(Ihering, 1907). Late Pliocene: southern Peru. Rc'cent; 
northern Peru to Chile, southern Brazil to Argentina. 

Remarks: A single* ineompk'tc'lv pivsened specimen 

of an agathistoniine vv^as found l)etvveen Yauca and Chala 
in bioelastic deposits just be'low^ the* highest marine ter- 
race at 200 meters abewe sea lewel. Associated taxa that 
are either loc'alF or emtirely ewtined [Pnsogastcr vaicneiai 
DeNhic’s, 2006; Acanfliina triangularis DeNhies, 2003; 
Chorus gigautais (Lesson, 1830); Co}irliolcj)as camcrafa 
13e\hies, 2000; Xauthochorus xustcr L)e\hies, 2005] are 
indicative ol a late Pliocene age (DeAhies, 1997; 2000; 
2003; 2005; 2006). 

Tlie' close]}' spaced l)caded spiral cords on the south- 
ern Peruvian agathistomiiu' resemble tliose on spc'ci- 
nmns oi Agathistoma icrrucosmu McLean, 1970, and A. 
j)ictuui McLean, 1970, Panamic species vviiicii presenth' 
range as far south as imrtliern Peru (Alamo and 
\7ddiv4eso, 1997), but the base of the Permian Pliocene 
specimen is not as llattened as it is on specimens of the 
]iorthern Peruvian species and the spiral cords are more 
closely spaced, suggesting an assignment to A. paiagoui- 
cum. 

Genus or Subgenus indeterminate' 

Tcgula (s.l.) iridcuiaia (Potiez and Michaud, 1838) 
(Figures 66, 68) 

Monodouta tridcutata Potiez and Michaud, 1838. vol. L p. 321, 
pi. 29, tigs. 16-17. 

Trochus tridcufatus Potiez and Michaud. — Philippi, 1846, Die 
Kroiselschueckei) oder Troclioidecii, p. 153, pi. 25, fig. 3. 
Tcgula tridcutata (Poti(‘z and Michaud).— Dalf 1909: 176; Car- 
cclles and W illiamson, 1951: 262; llenn, 1969: 91; Aldea 
and \ aldovinos, 2005: fig. 8G. 

Tcgula (Chlorosto)}ia) tridcutata (Potiez and Micliaud, 
1838). — Marincoxidi, 1973: 24, fig. 43: \Yliz and \Asquez, 
2000: p. 761, fig. 1C; Guzman et al., 1998: 36, fig. 24; 
F\)rcelli, 2000: 90, fig. 60. 

Trochus tridens llupe, 1854: 145. 

Material Examined: mVBM 97S9S, D\^ 1372-1, Re- 
cent, L = 7.0, \V = 9.9; lAVBM 97899, DV 401-1, Pu'- 
cent, lot of 5; UW43.M 97900, DV 381-5, niiddk' Pleis- 
tocene, L = (]].7), \V = 14.0. 

Oeeurrenee: Middle Pk'istoeeiie: southern lA^ni to 

central Chik', Recent: northern JY'ni to southern Chile. 

Remarks: Tcgula tridcutata is a small, higli-spired. 

puipit'-blaek species witli an excavatt'd v\ lnte base. Tlie 
exterior is usually smooth, but .some specimens ha\e lov\ 
broad juiinaiT spiral coixls on juvenile whorls. A narrow 
open iimbilic'us is l)ordered hv a white columella with 
three* teeth. The twx) teeth closest to the axis lie at the 
end of umhilieal spiral cords, the outeniK^st of w hich is 
mosth' sul)mcrged Ix'iieath a thick umbilical xeucei . The 
tlhrd tooth is situated adjaee'ut to the floor of the aper- 
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Figures 66, 68. Tv'^iila (s.l.) thdenfaia (Potiez ami Michaud, 1S38). U\\ BM 9789S, \)\ 1372-1, Bcciait, width = 9,9 nun. 66. 
Oblique spiral view^ 68. ()bli(jiie basal v^ew^ Figures 67, 69-72. Tcgula (s.l.) itK'Ialencos (Jnuas, 18 H). 67. UWTM 97901, Paracas 
Hotel, Ih^cent, oblique sj:»ire \iew', widtli = 23.9 mm. 69. OSU 37609, 21 1-3, late Pleistocene, latca'al \^ew^ length = 28.2 nim. 

70. IT\'BM 97901 , ol)liqne basal ^iew^ 71. OSU 37609, ajicrtnral view. 72. OSU 37609, obli(]ue basal \ ic*w', width = 29.0 mm. Figure 
73. Tcgula (s.l.) (?) mhroflaunnulata (Loch in Philippi, 1843). OSU 37610, l)\' 341, early Pleistocene, ohIi(|m' basal \iew, width 
= 22.0 mm. Figures 74-78. 'rcgiila (s.l.) uiasiasi ]\r\v sjx^cies. 74. UW’BM 97904, 1)V 478-1, earK Miocene, lateral \iew^ length 
= 16.6 mm. 75. [A\43M 97903, 1)\' 1019-1, hoIohp(\ middle Miocene, ol.)Ii(jiie spire \iew, width = 15.9 inin. 76. lAVBM 97903, 
basal view^ 77. UWBM 97905, OV 1648-1, early Miocene, lateral \iew^ length = 14 nmi. 78. IA\’BM 97905, basal \iew showing edge 
of uml)ilical area, width = 16.9 inm. 

lure. The inside of the outei' lip (dten lias four to si.\ short 
elongate teeth. In the latter three characters the species 
resenil)h\s Cantaihu'ostoma (jnadricnsfalunu with wTicli 
it has been grouped using mitochondrial 1)\A secjiiences 
hv I Ielll)(a‘g ( 1998), wdio placaal tlie sj'iecies with Agalbi- 
stonifi. In its color and obsolete spiral scnlptnnc how- 
e\'cr, "(hdcutala' sjieciniens greath' resemble Perii\1an 
species of Chloroslonui, U) whieli tlnw were assigned \)y 
Marinco\ich (1973) and (hi/nian et ah (1998). TIu^ onK 
hrssil example ol 7’. fridnifala in W^rw comes from a 
middle Phdstocimi' marine teiTace b(‘d inxir San )nan de 
Marcona, sonlliern Veru. 

Tegida (s.l.) nirl/dntios ([onas, 1841) 

Eigni'cs 67, 69-72) 

Twchus mrlalcucns |onas, 18 11: 169: Philij)pi, 1846, Die Krei- 
s(ischnccken od('r Trociioide(*n, p. 185, pi. 28, lig. 16. 


Tcgula uiclalcucos (Jonas). — Dali, 1909; 239. 

Tcgula {Agalhistoiua) uiclalcuaKs (|ouas, 1844). — Keen, 1971: 
340, I'ig. 106; .\lamo and \ aldhieso, t997; 13, fig. 22. 

X(.4 Tcgula {Agaihis(on)a) }nclalcucas (Jonas, 1844). — De\4ies, 
1986: 515, p\. 27, tigs. 1, 2, 10, 12 [possihK’ Tcgula (s.l.) 
ruhroflammulata (K(.)chin Philijq^i, 1843)]. 

Material Examined: OSU 37609, F)\ 211-3, late 

Ideistocene, L = 28.2, = 29.0; 97901, Ikiracas 

llot(d, B(‘c(>nt, L = 17.3, = 23.9; UWBM 97902, 

northeni Penn, Iha cmt, L = ( 1 1.5), W = 20.1. Specimens 
assign(‘d to Tcgula niclalnicos h\ DeWies (1986) but 
moie Iil<(4\' belonging to T('gula (s.l.) ndu'ofbwnnidata: 
OSU 37610, l)\^ 341, early Ideistocene, L - 22.0, W = 
22.0; OSU 37611, I)\^ 3lf, L = (14.8). W' (18.0). 

Oeeiirreiiee: Bee(mt: nortlu'ni I\*rn; rar<d\ in sonth- 

(‘rn Pern. 
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Remarks: Specimens of Tc^^ula niclalnico.s are eliarae- 

terized h\' a strongly hiearinate periplieiv, a line of pro- 
traeti\e nodes hetw’een the periphea- and sntnr(\ and 
protraetive ])ro\\n stripes lateral!} and hasallw \^'here 
the\’ spiral into an open undiilieiis. A single spiral cord 
emerges from the nmhiliens and is tnineated In’ a eol- 
uinellar ridge that ends in a hasalh’ projecting tooth. A 
second pi ominent tooth protrudes at the juncture of the 
eohimella nith the door t)f the aperture, and additional 
small teeth ma\ occur along tlic‘ edge of a bcn'cled k^dge 
that passes just inside tlie floor of the aperture. 

Imperfeeth’ presen ed speeimens of Tcg^nla from tlie 
uppermost Pliocene / lower Pleistocene Manc'ora Ta- 
bltizo of nortluMii Peru (Figure 73; DtAAies, 19S6: 19S(S) 
ha\e less impressed sutures and more eomex profiles 
tlian hpieal speeiimais of T. mclalciiros and nodes near 
the suture tliat are not protracti\ e. These s])eeimens are 
better referred to T. ruhrojlanwwlafa. a Recent .species 
tliat had been reported to range ouK’ as far south as 
Colombia (Keen, 1971). 

Tcgula (s.l.) juasiasi new species 
(Figures 74-78) 

Diagnosis: Spire whorls with broad spiral cords: um- 

bihciis narrow, open: shell lacking pinple-black outer 
la}cr. 

Description: Shell conical, up to 16 mm wide. Spire 

angle about 70 degrees. Peripheiw at base: angular. Su- 
tures appressed to impressed. Protoconcli unknowni: te- 
leoeoncli witl\ at least foiii* flat-sided to com’cx wToiis. 
Axial sculpture absent: colabral growth lines strongK' 
prosocline. Spiral sculpture absent or w itli sex’eral luoad, 
low^ spiral cords on spire. Outer shell layer lacking 
puiple-black color. Base flattemal to weakK’ eomex, 
without \isib!e spiral sculpture. Inner side of outer lip 
smooth. Umbilicus open. Columella thin, with at kxist 
one tooth at end of umbilical cord. Paiietal flange bareK 
overhanging umbilicus. 

T}pe Locality: D\^ 1019-1, Cramonal, about one-half 

km east of mouth of (^)uebrada Cramonal, on bluff ox er- 
looking road to Fundo Santa Rosa (Figure 79). 
]4°45'50"S, 75^3(V22'A^^ (Lomitas 1:100,000 cpiad- 
rangle). Lower middle Miocene. 

Txpe Matcnal: IA\ BM 97903, DY 1019-L holotxpe, 

earlx middle Miocene, L = (7), W = 15.9. 

Other Material Examined: UA BM 97904, D\ 478- 

1, early Miocene, L = 16.6, W' = (21.8): U^^4L\1 97905, 
1648-1, early Miocene, L = 14.0, = 16.9; MUSM 

L\A^ 143, D\^ 1648-1, L = 14.6, = 19.8 

OceiuTcnee: Earlx to earlx' middle Mioctme: southern 

Peni. 

Etx inolog}*: Named in lionor of Antonio Masias, pe- 

troleum geologist from Art^quipa, Peru, xxbo has ju’o- 
xided adxice on Permian matters since xx’e both atttaukal 
Oregon State Unixersitx' in 1977-1978. 



Figure 79. Txpe localitx' (DV 1019-1) oi Tegithi (s.l.) masiasi 
new species. 


Remarks: SptximcMis of Tcgula (s.l.) masiasi are the 

okk^st knoxxii tegulines from th(‘ Pisco Basin; they occur 
]iear the base of a depositional scMjuenc t^ that unconform- 
ablx’ underlies the Pis(‘o Formation near Cerros Coloratlo 
(Figure 78), xxliich implies the loxxer portion of tlie up- 
permost Oligocene to loxxer middle Miocene Chilcatax’ 
Formation (!)e\Ties, 1998), as xx’(il as a few tens of 
meters aboxe the base of the Pisco Formation, xxhich 
indicates an txirlx’ middle Miocene age (DeXiies and 
Schrader, 1997). Despite the poor state of presenatiou, 
it does appear that these (airlx’ and middle Mioeene 
specimens ai(‘ not chlorostomines, xxiiich first app('ar 
xxith their puiple-black outer shell ki)er in IkhIs at Alto 
(7rand(‘ at about 9-10 Ma (Muizon and De\4ies, 19S5: 
DtA'riccs and Schradcu’, 1997). 

DISCUSSION 

Fossils found since 1990 offer a nexx pers]X'ctixe on tlie 
oiigin of Tegulinae. Tegulinc's had been thought to haxe 
anseu during tht^ earix’ or middle Mioc'ime (Hickman and 
McL(‘an, 1990), based on knoxx’ledge of fossil taxa from 
japan and CJalifornia [e.g., 'Tcgula thca Xomland, 1917, 
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and T. varistriatn Nomland, 1917, Santa Margarita beds, 
California, upper Miocene (Nomland, 1917); T. dalli Ar- 
nold, 1907, and T. dalli Mir. Inornaia Arnold, 1907, To- 
panga Group, California, middle Miocene (Arnold, 1907; 
Yerkes and Campbell, 2005); T. dalli anioldi Addicott, 
1970, Olcese Sand, California, uppermost lower Miocene 
(Addicott, 1970; Sanchez and Prothei'o, 2003)]. The dis- 
co\'ciw of T. jcanac Scjuires and Saul, 2005, a late Cam- 
panian species from the Chico Formation of California 
with man)’ attributes of Clilorostoma (xentricose whorls, 
black-brown outer shell layer, absence ol headed spiral 
cords), recasts discussions of tegulint' plw logeny (Scjiiires 
and Saul, 2005). A ilat-sided, spirally beaded Cretaceous 
teguline, the late Maastrichtian T. oiallci Philippi, 1887, 
from central Chile (Bandel and Stinnesbcck, 2000), liir- 
tlier demonstrates tlie pre-Miocene di\xn’sit\’ and geo- 
graphic distribution of tegnlines. 

As a conse(juence of these Cretaceous discoveries, an 
e\‘olutionan' scenario rejected bv Hickman and McLean 
(1990), wTieh placed the plesiomoqihic Tcgula near the 
base of the trochid group, gains credence, wTereas sce- 
narios inspircM bv thc‘ molecular data of Ilellberg (1998) 
that presumed a strict!)’ Iat(^ Neogene timtdine foi' teg- 
uline plw'Iogenv are undermined b\^ these Cretaceous 
data, as w'ell as by earh’, middle, and late Miocene oc- 
currences of tegnlines in Pern. 

The lollowing obsen ations proMde some luriher con- 
straints on plu’logenetic Iwpotheses related to Tegulinae. 

PeHUVIAX ClILOROSTOMlNE CROUP 

The PemMan chlorostominc^ group is comprised of lour 
motlern species: Clilorostoma atnim, C. b^notimr C. eii- 
njomplialuau and C. luctuosimL Cradations of sculpture 
indicate the latter h\’o spea-ies ma) be one; C. liiciiiosiim 
would be the senior svikuimu . Adding C. quipua exttmds 
the record ol Pemvian chlorostomines to 9 Ma ( Muizon 
and De\5ies, 1985). 4liis late* Miocene occurrence pre- 
cludes H(‘llberg's (1998) niok*cularly based Iwpotlie.sis 
tliat these chlorostomines appeared in western South 
.\meriea during the late Pliocene and constitute a sister 
group to a Nortli Atlantic Pliocene group of Agathistoma 
species. 

The llattened base, open umbilicus, and spiral threads 
ol Chlorosioma qnipiia inclic'ate that it is most closely 
related to the mod(*rn C. lacfiiosum. Some specimens 
ol C. qiiipua Irom upper Pliota'ui* beds above Plava 
Huac'llaco also hav^e liroad spiral cords like those on some 
specimens ol niod(*rn C. afnim. A single fipjier Plioc'cne 
Iliiacllaco speciui(*n has strongK' convex spiral coi'ds like 
those on sp(*cimcns ol the modern ('hilean C. ignolum. 
This morphological variation suggests the onset ol a ra- 
diation ol South Am(*rican chlorostomines iieai the* end 
of the* Plioc(*ne. 41 k* laic* Plioeoiu* vv'as also a time* ol 
spec‘i(’S-l(‘V(‘l molluscan mass extinction throughout the 
Peruvian l*1umal Province (DeNMc's, 200L, 

4lie origin ol (*hlorostonini(*s in P(*rii and CliiE is not 
known. 4\*gulines arc* louud. ran'lv, in l«)W'cu' and middle 
Miocene beds ol southc'rn P(*ni {T. (s.l.) niasiasi: Figurc*s 


74-78), but they do not resemble late Neogene Peruvian 
Clilorostoma. Of Chilean Miocene species assigned to 
Clilorostoma (Nielsen et ak, 2004), none exhibit the 
puiple-blaek outer shell layer that characterizes the tvpe 
species of Clilorostoma and most modern Pemvian chlo- 
rostomines. At three mm in length, Tegula aiistropaciflca 
NieLsc‘ii, Frassinetti, and Bandel, 2004, is extraordinarily 
small for a ehlorostomine. Tegula clulena Nielsen, Fras- 
sinetti, and Bandel, 2004, lacks the llattened base of 
ehlorostomine* spc*eies. Tegula matarizeusis Nielsen, 
Frassinetti, and Bandel, 2004, resembles Californian 
specimens of C. fuuehralis, as tlie authors note, but the 
specinu*n lacks critical portions ol the columella Irom 
wliich a bc4ter comparison c*an be made. 

Chlorostomines appeared in soutliern Peru at the 
same time as the turbinid genus, Frisogaster Morch, 
1850 (DeWies, 2006), and mollusks with Panainic affini- 
ties (De\iies. 2006), an immigration pattern consistent 
with either a vv’estem North American or boreal Asian 
origin lor the* group. xMolecular data (liellberg, 1998) 
indic*ate Peruvian chlorostomines are more similar to 
Californian than Asian taxa. Shell characters are ecjuivo- 
eal on tins point. Protractive stiipc*s, present on speci- 
mens of the oldest Pemvian ehlorostomine, C. quipua, 
are also seen on some specimens of Californian C. 
galllna. C. rugosum, and Asian C. nigerrimum and C. 
nisticum. Ih'otractiv e libs, which occur in rare examples 
of C. (fuipua, are found on .some specimens of tlie Cali- 
fornian '^Tegula" hrunnea and several Asian species. Im- 
bricate siibsiitiiral spiral cords, which occur rarely on 
juv enile w horls on specimens of C. afntm, are most char- 
acteristic ol the Californian C. funehralis (Figures 5, 6), 
are weakly developed on specimens of the Calilornian C. 
gallina and C. mgosuur and are not seen on specimens 
of Asian species. 

P(*ruvian chlorostomines are distinguished trom all 
Caliibrnian chlorostomines and all Asian taxa cxc{*pt a 
few s[iecimens of C. nistirum by possessing a ven thin 
and expansive umbilical veuc*er that does not bun’ the 
spiral iiml)ilica] cord. A thicker umbilical veneer drapes 
across the spiral umbilical cords in Californian and Asian 
specimens, largelv biinlng the spiral umbilical cord and 
leaving visible only a blunt ackcxial columc*llar tooth, a 
tooth at the liase of the colmnella, and an inten’ening 
deprt*ssed nacreous w edge (e.g., Clilorostoma funehralis-. 
Fig. 6). Peruvian chlorostomines also lack a second w^ell 
dev eloped tooth at tht* base of the columella, a ciiai acter 
nsuallv’ seen on Calilornian and Asian t‘hlorostt)inine 
specini(*ns (f ig. 6). These two d(*riv(*d characters-thin 
umbilical vi'iieer, obsolete liasal colninellar tootli— mav’ 
indicate that Peruvian chlorostomiu(*s arc* a sister group 
to ( kililornian+Asian clilorostoinines, with a common an- 
c(*stor in tin* North Pacilic* Ocean older than late Mi- 
occ*n(*. 

C WTMJJX ’( ISrOMA Giu H r 

Cautalloeostoma is an t'luleinii* vvc*st(*rn South Ain(*iican 
g(*inis chaiac‘tcrizc’d bv Ix’aded spiral cords and two 
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ackixialK situated spiral umbilical cords. Cantallocostoma 
panistostmn aj)pcars first in upper Miocene l)eds of 
southern Peru ^\'ith other Paiiaiiiie speeiccs (DeXhies, 
2002). It and the extant C. qiiadhcostaiinn are unlike an\- 
\eogeiie or Heexmt teguline (roin 1\m'u or Chile. Sj^eci- 
niens of Cantallocostoma share \\ith spc‘ciuieus ol^ Inil- 
sioma the j:>reseuce ol two adaxiiilK situated spiral um- 
bilical cords (mostb cowred bv a thick umbilical umeer 
in specimens of Iniistoma) and an m‘ect columella with 
little in the \\ a\' ol a parietal llange oi’ callus, ( a'lietic data 
ol llt'lllun'g (199S), show ikj close alfinih' be- 

h\een C7 qnadricostatinn autl /. aurcotUictinn. 

IWISTOMA Gnoip 

Intistoma has been created to include two \ciy similai' 
species, the modc'ru Calilornian /. anrcoii)i( turn and 
earh Pliocene Peruvian /. pircfiuL Their distincth e sjural 
sculpture (strong l)icarinate periphen, protractixe sub- 
sutural nodccs, three broad basal spiral cords), al)seuce of 
a pinple-black outer shell laxer, absence of apeitural 
teeth, and the isolation of T. aurcotinctnm in lUtDXA 
phxlogenies (Hellberg, 199S) indicate that neither Chlo- 
I'ostoma uoY A^^atliistoma properly encompass these taxa. 

Txx o other groups, one consisting of the modern noitli- 
ern Penixian / Panamic Tcgula (s.l.) mclalcncos and pos- 
siblx' r. (s.l.) rnbroflaimnidaia, the otlier comprising Mi- 
ocene and Pliocene species from Califoinia [e.g., T. (s.l.) 
dalh], exliibit the distinctixe subsutural spiral roxvofpro- 
tractix e nodes of Intistoma, but both lack the three broad 
basd spiral cords that characterize’ the nexv genus. The’ 
Californian Xeogene sj>ecies also lack the diflerentiation 
ol spiral sculptinv (coarse primaiy spiral cords, fine ter- 
tiaiy spiral threads oxernmning priinaiT spiral cords and 
intersj^aces) that is xisible on xx'ell-presened specimens 
of I. aurcotinctnm. 

Tc^ida (s.l.) tridentata (Potiez and Michaud, 1S3<S) 

Tcoula (s.l.) thdentata is a small te^guline xxitli a record in 
Peru and (Jhile extending U(3 farther back tlian the’ 
middle Pleistocene. The distinctixe puiple-black exteiioi- 
is shared xxith Penixian chlorostomines, l)ut the arrange- 
ment and number of coliimellar teeth is like that of 
Panamic spex’ies of A^athistoma. Mitochondrial DX7\ 
data (lleUberg, 1998) are not lielpful on this point of 
phxiogenx", as T. (s.l.) tndeniata iisiiallx' clusters xxith 
Cantallocostoma qiiadncostatiim, xxhich it re’sembles in 
onlv one significant shell character: txxn adiixia! umbilical 
spiral cords, both terminating in a coliimellar tooth. For 
noxv, the proper phylogenetic assignment of T. (s.l.) tri- 
denfata remains elusix'e. 

Al'STPaL Agathistoma 

Panamic agathistomines, xxineii are so speciejse in xxnrm 
xvaters of the Panamic Faunal Proxince, liaxe beiai no- 
tahlv unsuccessful in pc’netrating the cold xxntcrs of the 
Peruxian Faunal Proxince. The onlv fossil agathostomiiu' 


Iroin xxestern Soutli Americ'a is a specimen from upper 
Pliocene beds ofsmithern Peni assigned to Ami 1 1 lisfoma 
pata^oniemn. A Miocene agathistomine repoiled from 
central (diile, A^athistoma antiquum Xielsen, Fras- 
simTti, and Bandel, 2004, a Mioceni’ occurrence of A. 
pata^onlcum repoitc’d from Argentina (Theiing, 1907; 
lie! Hfo, 1998), and an extensixe record ol modem A^a- 
ihlsioma pata^ouinim from southern Ihxizil to southern 
Argentina, including the Magellanic xvaters ol Argentina 
(Carcelles and W illiamson, 1951), if the sxuonxinx’ ol A. 
fusccscns and A. orbipqiijana xxith A jiatagonicum is ac- 
cepted (Forcelli, 2000). max' point to a Miocene austral 
origin lor the subgenus (Xii’lsen et al., 2004), rathi’r than 
tlie Pliocene xx^estern Atlantic origin suggested bx’ 1 Tick- 
man and Mcl.ean (1990). Alternatix’elx , the monophxlx' 
of Afi^athlstoma might he suspect; compact, beaded, 
multi-toothed austral teguliiies xxith or xxitlioiit open um- 
bilici might constitute a long-lix c’d sistm' group to a group 
of Caribbean and Central American species. 


COXCLUSIOXS 

Pre-late Miocene tegulines in southern Peru are e.xceed- 
inglx rare, pooiix' present’d, and bear little resemblance 
to late Neogene or extant tiexa. During tla^ early late 
Mioci’jie, at least txx’o lineages of tegulines, Chlorostoma 
and Cantallocostoma, entered Peruxian xvaters. It is im- 
ciear xxhether these txxo genera originated in Cailifornia 
or Asia. Othei' trochids, iiLimelx’ Diloma Idiilij^pi, 1845, 
are thought to haxe dispersed across the Fijuator and 
across the Pacific Ocean fnnn Australia, ralted by buoy- 
ant Iragments of the broxxn k(4p, Dunillaca Bon' de 
Saint-\incent, 1826 (Donald et al., 2005). Species of Pe- 
nixian Tc^^ula likexxise lix e upon on liroxxn kelp (Lcssonla 
Bon' de Saint-\incent, 1825) (\V4iz and \ii.s(|iiez, 2000; 
\7 Mogollon, pers. eoniin., 2006), and thus max haxe 
l)een rafted toxx'estern South America from Calilornia or 
Asia ill tile same manner as Diloma. 

Specii’s of Chlorostoma and Cantallocostoma re- 
mained relatix’elx' unchanged until tlie end of the 
Plioci’iie, XX hen a mass extinction sxwpt axxax 80 percent 
of inolluscan species in tlie Peruxian Faunal Proxince 
(DeWies, 2001). At tliat time, chlorostomines experi- 
(’iiced a mini-radiation in southern Peni or (4nle, xxith 
one species, C. atnnn, exentuallx spreading to southern 
Argi’iitina (Careelles and \\411iamson, 1951). Cantallo- 
costoma panlstostum xx^as ix’plac'ed at the same time by 
the modern C. (fuadricostatum. 

Anotlier lineage of tegulines, representc’d hx’ the earl)’ 
Pliocene Intistoma plrqua, appeared on Penixian shores 
bx the earlv Pliocene. Althougli the genus is noxv extinct 
in Pi’ni, it persists in California in the guise ol 1. au- 
rcotlnctiim. It is likelx’ that these sjx^cies, xxitli their broad 
basal spiral cords, ari’ not ndated to the "dall" lineage of 
Californian tegulines that ranged Irom the early Miocene 
to Pliocc’iie (Addicott. 1970). 
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Localitx-samples. GPS = latitude and longitude coordinates olitaincd h\ a liand-beld GPS unit. Glil = coordinates 
obtained from satellite images ayailable on-line from Googlc‘ Eaiili^^^b 
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INmta Loliitos, noidbcrn Pern, \yestern point, terrace surlace nnd\\a\' behyeen sea cliff and insbore 
edge ol deposit. 04°27'12"S, 8D17'25A\^ (GE; Lol>itos 1:100, 000 ([iiadrangle). Uppeu’ Pleistocene. 
Quebrada Mogollon, nortbeni Peru. Upper coquina ol Mancora Tablazo. lam'er PUMstocenc. 

San |ium-La)inas road, kni 47.5. llppennost cocpiina. 15°22859"S, 75°03MPAV (San |uan 1:100,000 
( juadrangle). Middle Pleistocene. 

San |nan / Lomas road, Ivilometer marker 50, llat-topped knoll sontb of higbwaw 15°224)2''S, 
75°05'26AV (San Juan 1:100,000 ([uadrangle). Remnant oi manne terrace. Upper Pleistocene. 

Playa Canastones, Bahia de la Indepemhmcia, Peru (Punta Grande 1:100,000 (juadrangle). Recent. 

1 lueco La Zorra, noidli end of beacli. 14®02'31"S, 76°15'5FA\' (Pnnta Grande 1:100,000 (juadrangle). 
Recent. 

Low’er terrace, iive km north of (4iala {(4iala 1:100,000 < juadranghO. Upper Pleistocene. 

Al)o\(‘ rockx' road Irom Hacienda Tunca to Quebrada I biaricangana: liillside ol brown sandstone. 
14°56' S, 75°09' (GE; IMipa 1:100,000 (|uadraiigle). Lownr Pliocene. 

Lomas Cliilcata\ , uorth(‘ast end oi outcroj). 14"^1 U42"S 76'^06^57A^^ (Punta Grande^ 1:100,000 (piad- 
rangle). Chilcata\' Formation, lowei' Miocene. 

Alto Grande, about one km sontb ol intersc'ction with abandoned pa\ed road to San )uan de Marcona, 
on south-lacing hillside west ol Panainerican Highwa\: one ol se\eral sliell banks. 15‘^26'57"S, 
74°52'06A\^ (Acari 1:100,000 (juadrangle). Middle ujiper Miocene. 

Vauca, roadcut on wfxstern side ol Panainerican Higlnya}' as it descends to \*alle\' lloor. 15°39'49''S, 
74°3U5(UV^ (Yauca 1:100,000 ( juadranghd- Pisco lormation. Lower Plioceiuy 

Ciramonal, about one-luilf km exist ol camon mouth. 14M5'50”S, 75°30'22'A\’ (Lomitas 1:100,000 
(juadrangle). Middle Miocene. 

Yauca l)epn‘ssion, wx*st of Pana merican lliglnyay. 15°39'29''S, 75°35'08'A\' (GPS, Yauca 1:100,000 
(juadrangle). Lower Pliocene. 

Morro Abra de los Chaparrinos, descending Iroin highest terrace leyel, north and south ol second 
enne in Panainerican lliglnyay. 15°52'59"S, 74®10'05"W (Cliala 1:100,000 quadrangle). Upper 
Pliocene. 

Quelnada de la \"aca, roadcut along Panainerican Highw^ay, south ol scjutli wull, u]^|)ermost terrace 
abo\e non-marine dejxisits. 15M8'56''S, 71°]8^50'A^' (GPS; Chala I :]()(), 000 (juadrangle). 

SfX'tion along Panameriean 1 liglnvay, ten km sontluxcst ol ( Tala and aboye Pkn a Hnacllaco. 35 meters 
alxne basmixml rocks in nu'asur(xl section. 15°53'25"S, 74®09'52A\" (CiPS; Chala 1:100,000 cjuad- 
rangl('). lq:)p('r lower l^lioceiKx 

Sc-:‘Ctioii along Panamtnican Higliwxn, tmi km southeast ol Chala and aho\e Playa lliiaclku'o. 47.5 
inet(U’s abo\e basiunent rocks in measured .section. 15°53'25"S, 74®09'52A\’ (GIT; (ihala 1:100,000 
(juadrangle). IqijK'r Idiocene. 

Sacaco, shell hanks sontluyest ol north-south road to farmhouse (cbacra). 15®33'03 S', 74°43'50"\\' 
(Gli; Vauca 1:100.000 ( jiiadraiigl('), Lowr^r PlioccMie. 

Quebrada Pongo, one km upstnxim Irom jnnctnr(' with Quebrada ( -aiacokrs, 15'^30'22"S, 74°45'40AV 
((dkS; Vauca 1; 100,000 (juadrangle). UpjKU- Jdioc(me. 

Itockx^ IkxicIi on nortliw('sl(‘rn side* ol iimta Lomas (Acari LI 00,000 (juadrangle). Iiec(mt. 

East side' ol Acari 1 )(‘j-)r('ssion. 1 5*^34'50"S, 74°36'59"^^" {('dkS; Vaiuxi 1:100,000 (juadrangle). Ujipc'r 
IdioccJK'. 
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Roacleut along Panaineriean Higliwaw deseeiit from north into Vaiica. Shell beds. 15°39'49"S, 
74^31 '50'V\" (CPS; Yaiic'a 1:100,()0() (jiiadranghd. Lo\^xM' Plioccaie. 

Ihieco La Zorra, noi4h end of beach (see D\M01-D. Recent. 

Vanca lOepression, west of Panaineriean Ilighwa)'. 15°39'33"S, 75°34'54"\V (CiPS; Vauca LKHXOOO 
(|nadrang]eb laiwer Pliocene. 

W’estward-facing side of \alley, southwest of Cerros Colorado. 14°22'25"S, 75®53'52'A\' (CPS; Piinta 
Crande 1:]00,0()0 (piadrangle). 

Maiine terrace on cast side of Pananieiican IIighwa\' north ol road to Acarf. 15®36'09''S, 74°4L08A\^ 
(CPS; OOinca 1:100,000 (|nadrangle). Lowen* Pleistocene. 

Cerro Ll Iliie\*o, noiilu'ast of San |iian de xMarcona. 15°18' S, 75°09' (San )nan 1:100,000 
(jiiadrangle). Upper Pleistocene. 

C'erro El Hne\o, northeast of San |iiai) de Marcona. 15° IS' S, 75°09' W" (San )nan 1:100,000 
cjnadrangle). Upper Pleistocene. 

Ca>qniini>o, Chile. Pleistocene. Appro.\imatt4\' 29°58' S, 71°20' \V (CE3. 

Isla Ipim, (diile, sliores ol eastern embax inents. 44°38' S, 74°44' \^' (CE). Recent. 

Beach south ol Hotel Paracas, facing Bahfa Paracas, southern Pern. 13°50'09"S, 76°15' 19"\\’' (CE, 
lEsco 1:100,000 quadrangle). 


